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RECOMPARISON  OF  THE  UNITED  STATES  PROTOTYPE 

METER. 


By  Louis  A.  Fischer. 


Through  the  courtesy  of  Dr.  Benoit,  Director  of  the  International 
Bureau  of  Weights  and  Measures,  advantage  was  taken  of  a  visit  by 
the  writer  to  Paris  in  October,  1903,  to  compare  U.  S.  Prototype 
Meter  No.  27  with  the  standards  of  the  International  Bureau. 

U.  S.  Meters  Nos.  27  and  21. 

U.  S.  Meter  No.  27,  like  th^  prototypes  of  all  the  principal  nations, 
and  also  like  the  international  meter,  is  composed  of  90  per  cent  plat- 
inum and  10  per  cent  iridium,  with  minute  traces  of  other  metals  which 
compose  less  than  0.1  per  cent  of  the  total.  It  was  intercompared  at 
the  International  Bureau  of  Weights  and  Measures,  in  1888,  with  the 
national  prototypes  above  referred  to  and  with  the  international 
meter;  and  shortly  afterwards  it  was  brought  to  this  country  by  a 
special  messenger,  who  certified  that  it  had  suffered  no  violent 
mechanical  or  temperature  disturbance  in  transportation.  Soon  after 
its  arrival  in  this  country — or  to  be  exact,  on  January  2,  1891 — the 
standard  was  unpacked  with  considerable  ceremony  at  the  Executive 
Mansion  in  the  presence  of  the  President  of  the  United  States,  who 
accepted  it  as  the  national  prototype  meter.  ^ 

It  was  then  immediately  repacked,  sealed  in  its  metal  case,  and  taken 
to  the  Office  of  Standard  Weights  and  Measures,  in  the  custody  of 
which  it  remained  until  the  formation  of  the  Bureau  of  Standards,  on 
July  1,  1901,  when  it  was  transferred  to  the  Bureau  with  the  other 
apparatus  belonging  to  the  Office  of  Standard  Weights  and  Measures. 
It  remained  packed  and  sealed  in  its  case  until  a  few  weeks  before  it 
was  taken  to  Europe,  when  it  was  compared  with  Meter  No.  21,  which 
is  exactly  similar  to  No.  27,  except  that  the  lines  and  surfaces  are  not 
as  perfect  as  those  of  No.  27,  on  account  of  its  having  been  frequently 
packed  in  shaved  ice. 

«For  a  full  description  of  the  prototype  meter,  its  transportation  and  acceptance, 
Bee  Appendix  18,  U.  S.  Coast  and  Geodetic  Survey  Report  for  1890. 
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Comparison  of  No.  27  with  No.  21. 

This  comparison  was  made  solely  to  furnish  a  check  on  the  length  of 
No.  27  in  case  it  should  meet  with  accident  in  transporting  it  to  and 
from  Europe. 

The  comparisons  were  made  on  an  improvised  comparator  installed 
in  the  subbasement  of  the  Butler  Building,  in  Washington,  now  occu- 
pied by  the  Bureau  of  Standards. 

Tlie  comparator. — The  comparator,  which  is  a  temporary  structure, 
differs  essentially  from  those  used  at  the  International  Bureau  of 
Weights  and  Measures,  and  elsewhere,  and  in  consequence  the  results 
at  present  obtained  with  it  are  not  as  concordant  as  the  results  obtained 
at  the  international  bureau.  For  general  purposes,  however,  it  offers 
decided  advantages,  and  if  properly  constructed,  it  is  believed  that  it 
will  give  results  just  as  concordant. 

The  essential  features  of  the  comparator  are  two  brick  piers,  A  A, 
which  support  the  ends  of  a  heavy  iron  I  beam,  B,  to  which  are  clamped 
two  heavy  iron  brackets,  C  C.  These  brackets  support  the  microscopes 
D  D.  The  microscope  supports  may  be  clamped  anywhere  on  the  I 
beam,  and  hence  the  comparator  may  be  used  for  comparing  bars 
having  any  length  from  0.1  meter  to  1  meter.  Where  the  microscopes 
are  fixed  to  the  piers  it  is  only  possible  to  compare  bars  of  a  definite 
length.  By  properly  protecting  the  I  beam  and  microscopes  against 
temperature  changes,  or  by  making  them  of  the  36  per  cent  nickel- 
steel  allo}^  it  is  believed  that  the  distance  between  the  microscopes 
will  be  as  constant,  or  more  so,  than  the  distance  between  microscopes 
mounted  on  independent  piers.  In  addition  to  the  I  beam  and  its  two 
supporting  piers,  two  intermediate  piers,  E  E,  support  steel  rails  upon 
which  the  carriage  F  moves  transversely  to  the  I  beam.  Mounted  upon 
this  carriage  is  a  wooden  box  G  covered  with  sheet  copper,  inside  of 
which  is  a  heavy  sheet  brass  box  in  which  the  two  bars  to  be  compared 
were  placed.  The  object  of  this  arrangement  was  to  secure  uniform 
temperature  within  the  inner  box.  Since  the  coefficients  of  expansion 
of  the  two  bars  were  almost  identical,  an  accurate  knowledge  of  the 
true  temperature  was  not  important,  though  it  was  important  that 
both  have  the  same  temperature.  The  box  rested  upon  three  adjust- 
ing screws  used  to  focus  the  bars  under  the  microscopes. 

To  protect  the  I  beam  and  the  microscopes  and  clamps  from  the 
heat  of  the  observers'  bodies  the}^  were  covered  with  sheet  asbestos. 

Thermometers. — The  temperatures  of  the  two  bars  were  determined 
by  means  of  two  Tonnelot  thermometers  previousl}^  studied  at  the 
International  Bureau  of  Weights  and  Measures.  One  was  placed  upon 
each  bar,  the  bulbs  being  placed  in  opposite  directions,  and  the  ther- 
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mometer  scales  being  read  through  small  openings  in  the  brass  and 
wooden  inclosing  boxes.  As  before  stated,  the  question  of  the  actual 
temperature  was  not  of  importance,  because  the  expansions  of  the  two 
bars  were  so  nearly  equal  that  an  error  of  a  whole  degree  in  reading 


Fig.  1. — Arrangement  of  the  comparator. 

the  temperature  introduced  an  error  in  the  final  result  of  less  than 
0.01/^.  Should,  however,  the  temperature  of  one  bar  differ  from  that 
of  the  other  by  0.1^  it  would,  if  not  corrected  for,  introduce  an  error  of 
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0.87/<;  hence  the  necessit}^  of  a  uniform  temperature  in  the  inside 
brass  box. 

Microscopes. — The  microscopes  have  a  magnifying  power  of  very 
nearly  50  diameters,  the  objective  and  eyepiece  each  contributing 
equall}"  to  the  power.  The  objectives  were  of  the  compound  type, 
the  illumination  being  secured  by  mounting  small  prisms  in  the  prin- 
cipal focus  of  the  lower  lens  of  the  objective.  Diffused  light  from 
incandescent  lamps  was  thrown  through  a  screen  of  thin  ground  glass 
upon  the  prisms,  from  which  the  light  was  reflected  vertically  down- 
ward on  the  meter  bars. 

The  micrometer  screws  were  carefully  studied  for  periodic  errors 
about  ten  years  ago,  and  a  number  of  determinations  of  the  screw 
values  have  been  made  since.  They  were  again  determined  in  August, 
1903,  and  the  values  found  were  used  to  reduce  the  observations  made 
at  this  period. 

The  values  for  one  turn  of  the  micrometer  screws  at  different  dates 
are  tabulated  below: 


Date. 

Micrometer 

No.  6. 

Micrometer 
No.  5. 

September-October,  1893 

July,  1894 

75.99 
.98 
.97 
.99 

u 

74.69 
.67 
.76 
.66 

May-September,  1896 

August,  1903 

The  foregoing  values  indicate  a  very  satisfactory  agreement  in  the 
screw  values  at  widely  different  dates.  Only  one,  namely,  that  of 
micrometer  No.  5,  made  in  1896,  shows  an  appreciable  deviation  from 
the  others.  The  reason  for  this  unusually  large  value  is  not  known, 
nor  is  it  important  for  the  present  purpose. 

Observations. — An  observation  consisted  of  the  following  opera- 
tions, which  consumed  about  fifteen  minutes: 

1.  Reading  of  thermometers  in  inner  case. 

2.  Reading  on  No.  2L 

3.  Reading  on  No.  27. 

4.  Reading  on  No.  21. 

5.  Reading  on  No.  27. 

6.  Reading  on  No.  21. 

7.  Reading  of  thermometers  in  inner  case. 

Every  time  a  bar  was  brought  under  the  microscope  the  microm- 
eters were  read  simultaneously  four  times,  the  observers  exchanging 
places  after  the  second  reading  to  eliminate  personal  equation. 
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To  insure  thermal  equilibrium  at  the  beginning  of  the  observations 
at  least  three  hours  was  allowed  to  elapse  between  the  observations. 

A  series  consisted  of  eight  observations,  with  the  bars  occupying  as 
man}^  different  positions  with  respect  to  the  observer  and  the  micro- 
scopes.    The  positions  were  as  follows; 


First  position. 

Third  position. 

27 

27 

A 

21 

B 

B 

21 

A 

A 

Second  position. 

27 

B 

B- 

Fourth  position. 
27 

A 

B 

21 

A 

A 

21 

B 

A 

B 

B 

A 

The  other  four  positions  were  obtained  by  substituting  one  bar  for 
the  other  in  each  of  the  above  diagrams. 

By  this  procedure  each  bar  was  in  front,  and  hence  nearer  to  the 
observer  during  half  of  the  observations;  also  each  end  of  both 
bars  was  brought  under  each  microscope  twice.  The  result  of  a  series 
of  observations  is,  therefore,  independent  of  any  possible  affect  of 
peculiar  conditions. 

The  observations  were  all  reduced  to  zero  centigrade  by  means  of 
the  differential  expansion  deduced  from  the  equations  of  the  meter 
bars  as  furnished  by  the  International  Bureau. 

In  the  comparison  now  described  three  series  of  observations  were 
made,  making  a  total  of  twenty-four  observations.  The  results  will 
be  found  in  the  following  table,  in  which  the  first  column  gives  the 
number  and  the  second  the  date  of  the  observation.  The  third  gives 
the  reading  of  the  left-hand  microscope  on  No.  21 ;  the  fourth  gives 
the  reading  of  the  same  microscope,  on  No.  27;  the  fifth  gives  the 
difference,  in  revolutions,  of  the  readings  of  the  micrometer;  the  sixth, 
the  difference  in  microns.  The  seventh  column  gives  the  reading  of 
the  right-hand  microscope  on  No.  21;  the  eighth,  the  reading  of  the 
same  microscope  on  No.  27;  the  ninth,  the  difference  in  the  readings 
of  the  micrometers;  the  tenth,  the  difference  in  microns;  the  eleventh, 
the  sum  of  the  differences  of  the  two  microscopes,  in  microns;  the 
twelfth  gives  the  mean  corrected  reading  of  the  two  thermometers,  and 
the  thirteenth  gives  the  residuals  for  the  individual  observations  when 
referred  to  the  mean  temperature  of  observation,  namely,  23.50^  C. 
All  of  the  observations  at  the  Bureau  of  Standards  were  made  with 
the  bars  in  air. 
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The  relation  of  the  two  bars,  as  determined  in  1888,  was 
No.  27-No.  21=  -4.00/i  at  0.^0  C. 

If  we  assume  that  the  length  of  No.  27  has  remained  constant,  then 
No.  21  shows  a  decrease  in  length  of  0.33yM.  The  evidence  is,  how- 
ever, too  meager  to  draw  reliable  conclusions  from,  and  hence  a  dis- 
cussion of  this  question  is  postponed  until  further  observations  have 
been  made. 

After  the  above  observations  had  been  completed,  No.  27  was 
carefully  packed  in  its  case  and  transported  to  the  International  Bureau 
of  Weights  and  Measures.  During  the  transportation  the  bar  was 
handled  with  the  greatest  care  and  received  no  shocks,  nor  was  it 
subjected  to  any  sudden  changes  of  temperature.  Upon  the  arrival  of 
No.  27  at  the  International  Bureau  of  Weights  and  Measures,  it  was 
immediately  placed  in  the  Brunner  comparator  with  meter  No.  26, 
and  M.  Maudet,  one  of  the  assistants  at  the  International  Bureau,  was 
delegated  to  assist  in  the  comparisons,  which  were  begun  the  follow- 
ing day. 

The  Brunner  Comparator. 

The  essential  features  of  the  Brunner  comparator,  which  is  fully 
described  in  Vol.  4,  Travaux  et  Memoires  of  the  International  Bureau, 
are  two  massive  stone  piers  on  which  are  mounted  the  two  micrometer 
microscopes,  and  a  double- walled  box  in  which  are  placed  the  bars  and 
which  can  be  displaced  laterally  so  as  to  bring  the  ends  of  the  two 
standards  successively  under  the  microscopes.  The  trough  is  sup- 
ported on  a  foundation  which  is  only  connected  to  the  microscope  piers 
through  the  earth.  None  of  the  piers  are  in  contact  with  the  floors  of 
the  laboratory.  All  the  comparisons  at  the  International  Bureau  were 
made  with  the  bars  submerged  in  water,  which  was  thoroughly  stirred 
before  each  observation.  The  temperature  of  the  water  and  of  the 
bars  was  determined  by  means  of  four  symmetrically  disposed  Ton- 
nelot  thermometers,  which  had  been  used  in  the  1888  comparisons. 
These  thermometers,  numbered 4246,  4247, 4248,  and  4249,  respectively, 
are  perhaps  better  known  in  terms  of  the  h3^drogen  scale  than  any 
other  mercury  thermometers  in  existence,  though  in  this  case,  as  before 
stated,  the  actual  temperature  was  of  little  importance. 

MicTometers. — The  micrometers  used  are  the  regular  micrometers 
belonging  to  the  Brunner  comparator,  and  they  will  be  found  described 
in  the  volume  above  referred  to.  Their  values  have  been  carefully 
determined  from  time  to  time,  and  the  values  adopted  for  this  period 
by  the  International  Bureau  were  used.  Merely  as  a  check  a  determi- 
nation of  the  values  was  made  by  the  writer  after  the  observations  had 
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been  completed,  and  the  results  obtained  agreed  almost  perfectly  with 
those  used. 

Standards  of  the  International  Bureau. 

The  comparison  of  No.  27  was  made  with  the  two  standards  of  the 
International  Bureau,  namely,  No.  26  and  Tg. 

Meter  No.  26,  which  is  the  principal  standard,  was  included  in  the 
1888  comparisons,  and  it  was  again  directly  compared  with  the  inter- 
national meter  in  1892.  Tg,  which  is  the  secondary  standard,  was 
compared  directly  with  the  international  meter  in  1892,  and  a  number 
of  times  with  No.  26  between  1892  and  1894. 

It  might  be  well  at  this  point  to  give  the  equations  of  all  of  the  bars 
involved  in  the  comparisons,  both  at  the  Bureau  of  Standards  at  Wash- 
ington, and  at  the  International  Bureau  of  Weights  and  Measures. 

They  are  as  follows: 

UL  UL  fJL 

No.  21  =  Im  +  2. 45+  8.  665T  +  0.  OOIOOT^ 
No.  27  =  Im  -  1.  55-f  8.  657T  +  0.  001 OOT^ 
=  Im  -  1.  55+  8.  606t  +  0.  OOlTOt^ 
No.  26  =  Im  +  0.  80+  8.  596t  +  0.  001  TOt^ 
Tg  =  Im  +  1.  50+  8.  583t  +  0.  OOlVOt^ 

The  corrections  to  Nos.  21  and  27  at  0°  C.  are  given  one  place 
further  than  the  value  furnished  in  their  certificates,  the  values  in  the 
certificates  having  been  rounded  off  to  the  nearest  tenth  of  a  micron. 
It  was  deemed  advisable,  in  view  of  the  small  difference  that  might 
be  looked  for,  to  take  the  actual  values  found  in  1888  to  the  nearest 
0.01  of  a  micron.  For  the  same  reason  the  values  of  No.  26  and  Tg 
were  taken  to  the  nearest  0.01  of  a  micron.  The  above  values  of 
No.  26  and  Tg  are  the  values  at  present  accepted  by  the  International 
Bureau  as  the  result  of  the  comparisons  made  in  1892  and  1894.  In 
the  first  two  equations  T  means  temperature  in  degrees  of  the  hydro- 
gen scale.  In  the  last  three  equations  t  means  temperature  in  degrees 
of  the  hard  glass  scale  of  the  International  Bureau.^  In  the  observa- 
tion made  at  Washington  the  thermometer  readings  were  reduced  to 
the  hydrogen  scale,  while  the  observation  made  at  the  International 
Bureau  was  referred  to  the  hard  glass  temperature  scale.  The  second 
equation  of  No.  27  was  therefore  used  in  the  latter  observations. 

Observations. 

Following  the  method  in  use  at  the  International  Bureau,  an  obser- 
vation made  there  consisted  of  five  pointings  on  one  bar  and  four  on 
the  other,  the  pointings  being  alternately  on  the  two,  but  always 
beginning  and  ending  on  the  same  bar.     A  series  of  observations  was 

oNouvelles  determinations  dee  Metres  Etalons:  Travaux  et  M^moires,  Vol.  11,  p.  6. 
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similar  to  the  series  described  in  connection  with  the  Washington 
observations,  namely,  it  consisted  of  eight  observations  with  the  bars 
occupying  as  man}^  different  positions  with  respect  to  the  observers 
and  microscope. 

The  observers  in  these  observations  worked  independently — that  is 
to  say,  for  any  given  position  of  the  bars  an  observation  was  made  at 
different  times  by  each  of  the  observers,  the  observations  succeeding 
one  another  by  intervals  of  half  an  hour  or  more.  This  short  interval 
was  made  possible  by  reason  of  the  bars  being  immersed  in  water. 
Two  series  of  observations  between  Nos.  26  and  27  and  one  series 
between  No.  27  and  T3  were  made  by  each  observer  between  the  1st 
and  the  12th  of  October,  1903.  The  results  of  these  observations  are 
summarized  on  pages  12  and  13.  Below  is  a  record  of  the  first  obser- 
vation made  on  October  1.  It  is  given  here  simply  to  show  how  the 
observations  were  made  and  recorded. 


Comparison  of  Meters  Nos.  26-27. 


27 


Oct.  1, 

1903 

. 

A 

^1 
26 

B 

Observ: 

Maudet. 

A 

B 

OBSJiRVATION. 

Thermometers. 

4246 

4247 

4248         4249 

Means. 

16. 570 

16.  755 

16. 705        16. 

785 

16.  704 

.590 

.760 

.710 

790 

.712 

16. 580 

16.  758 

16.  707        16.  788 

16.  708 

corr  +.  161 
16.  741 

+.005 
16.  763 

.049        -. 

035 

.045 

16.  756        16.  753 

16.  753 

Microscope. 

Differences. 

Meter. 

Left. 

Right. 

Left. 

Right. 

27 

14. 773 

15.067 

-0.294 

26 

14.825 

15.088 

-0.263 

27 

• 

.839 

.127 

-0. 288 

26 

.772 

.044 

-0.272 

27 

.829 

.123 

-0.294 

26 

.759 

.028 

-0.269 

27 

.839 

.128 

-0.  289 

26 

14. 753 

15. 024 

-0. 271 

27 

14.  849 

3 

15. 139 

-0.290 

14. 8258  14.  777; 

15.1168  15.0460 

-0.2910 

-0. 2687 

rev. 

rev. 

rev. 

-1-0.0485 

+0. 0708 

-0. 0223 

+4.83/* 

+7.10>u 

-2.27/« 
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The  values  deduced  from  the  six  series  are  remarkably  concordant, 
the  total  range  being  only  0.24yu.  Further,  the  means  of  the  four 
results  depebding  upon  No.  26  agree  perfectly  with  the  two  results 
deduced  from  the  observation  between  No.  27  and  T3.  The  question, 
therefore,  of  the  relative  weight  of  the  values  of  No.  27  deduced 
from  No.  26  and  T3  is  not  important.  The  six  results  were,  conse- 
quently, given  equal  weight.  The  probable  error  of  a  single  observa- 
tion is  substantially  the  same  for  both  observers;  namely,  0.15/<. 
The  probable  error  of  the  mean  of  the  three  series  of  each  observer, 
0.03yw. 

For  comparison  the  results  of  the  two  observers  are  repeated: 

(Maudet)  No.  27=1'"  — 1.99  at  0.°0. 
(Fischer)  No.  27=1'"  — 2.01  at  0.°0. 


Mean  No.  27=1"^  — 2.00  at  0.°0. 


The  computed  probable  error  of  the  last  result  is  ±0.02. 
The  value  originally  found  for  No.  27  in  1888  was: 

No.  27  =  l'"-1.55//atO°C. 

The  recent  comparisons  made  at  the  International  Bureau,  therefore, 
show  an  apparent  shortening  of  0.45/«  in  the  length  of  No.  27  with 
respect  to  the  international  meter,  as  represented  by  meters  No. 
26  and  T3.  If  the  recent  observations  were  the  only  evidence,  there 
would  be  little  doubt  that  a  slight  change  had  occurred  in  the  length 
of  No.  27,  as  only  one  observation  of  the  48  made  gave  a  result  as 
large  as  that  previously  assigned  to  No.  27,  and  moreover  the  probable 
error  of  the  new  result  does  not  admit  of  a  possible  error  greater  than 
O.lOyw.  On  the  other  hand,  irregular  changes  equally  as  large  have 
been  observed  in  other  bars  compared  at  different  times  at  the  Inter- 
national Bureau.  The  discrepancies  referred  to  were  likewise  much 
greater  than  would  be  expected  from  the  agreement  of  the  observation 
upon  which  they  depended.^ 

The  same  phenomenon  has  been  observed  in  the  comparison  of  the 
British  imperial  yard  with  its  four  coj)ies.*  These  bars  were  com- 
pared in  1855,  1876,  1882,  1892,  and  1902,  so  that  their  constancy 
relative  to  one  another  can  be  studied.  On  account  of  the  coarse  lines 
and  other  defects  in  the  bars  from  a  metrological  standpoint,  rather 

«Nouvelles  determinations  des  Metres  Etalons:  Travaux  et  Memoires,  Vol.  11, 
p.  20. 

&  An  Account  of  the  Comparison  of  Four  Parliamentary  Copies  of  the  Imperial 
Standards,  1902. 
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large  variations  might  be  expected,  but  those  observed  are  too  large 
to  be  accounted  for  in  this  manner. 

The  question  naturally  arises  at  this  point  as  to  whether  the  observed 
differences  represent  real  changes  in  the  lengths  of  the  standards,  or 
whether  they  are  due  to  certain  peculiar  conditions  of  the  observers 
and  comparing  apparatus.  Leaving  out  of  consideration  the  yards 
referred  to,  because  they  belong  in  an  entirely  different  class,  it  may 
be  said  that  if  the  lines  on  the  standard  meters  were  absolutely  per- 
fect and  of  the  same  width,  and  if,  furthermore,  the  surfaces  on  which 
they  are  ruled  were  uniform,  and  in  every  case  perpendicular  to  the 
axes  of  the  bars,  the  method  of  observing  would  eliminate  any  possi- 
bility for  a  constant  error  in  the  final  result. 

The  lines,  however,  are  not  perfect,  but  the  edges  appear  slightly 
ragged,  under  the  magnifying  power  used,  and  hence  the  estimation 
of  the  centers  of  the  lines  is  dependent  to  some  extent  upon  the  vari- 
able judgment  of  the  observer.  Moreover,  the  surfaces  are  not  in 
every  case  exactly  perpendicular  to  the  axes  of  the  bar,  and,  in  conse- 
quence, the  illumination  of  the  lines  is  not  always  perpendicular  to 
the  surfaces  even  if  the  microscopes  of  the  comparator  are  in  perfect 
adjustment.  Undoubtedly,  part  of  the  slight  differences  noted  are 
due  to  the  defects  pointed  out,  but  to  the  writer  it  does  not  appear 
improbable  that  slight  temporary  differences  are  also  due  to  the  pre- 
vious history  of  the  meters,  especially  to  their  previous  thermal  history. 

It  was  the  original  intention  of  the  International  Committee  on 
Weights  and  Measures  to  recompare  the  various  national  prototypes 
with  one  another  and  with  the  international  meter  every  ten  years, 
but  this  plan  has  not  been  carried  out,  though  preparations  are  now 
being  made  at  the  International  Bureau  to  do  this  work.  When  this 
has  been  done,  it  will  be  interesting  to  see  whether  similar  changes 
will  be  observed  in  other  prototypes,  in  which  case  it  will  be  time  to 
speculate  as  to  the  causes. 

Comparison  of  No.  27  after  its  Return  to  Washington. 

A  second  comparison  between  No.  21  and  No.  27  was  made  in  April, 
1904,  the  result  showing  conclusively  that  the  length  of  No.  27  had 
not  been  altered  appreciably  by  its  transportation  to  and  from  Paris. 
The  results  of  these  observations  will  be  found  in  the  following  table, 
which  is  arranged  in  the  same  manner  as  the  observations  made  prior 
to  taking  No.  27  to  Paris.  The  same  apparatus  was  used  under  iden- 
tical conditions  as  in  the  first  series  of  comparisons,  the  only  differ- 
ence being  that  the  observations  in  this  comparison  were  made  by  the 
writer  alone. 

18364— No.  1—05 2 
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The  two  comparisons  made  between  No.  21  and  No.  27  agree  so  well 
that  the  conclusion  is  justified  that  No.  21  is  shorter  with  respect  to 
No.  27  than  has  been  previously  assumed,  though  the  magnitude  of 
the  change  is  not  so  certain.  It  is  nevertheless  interesting  to  see  what 
the  change  in  No.  21  is  on  the  assumption  that  the  new  value  of  No.  27 
represents  its  present  relation  to  the  international  meter.  For  this 
purpose  the  values  deduced  from  the  recent  comparisons  of  the  Inter- 
national Bureau  and  at  the  Bureau  of  Standards  are  summarized 
below: 

No.  21  =  27  +  3.72yu 

No.  27  =  l°>-2.00>u 

hence.. No.  21  =  1"^  +  1.  72yu 

Old  value  (1888).. No.  21  =  l°'  +  2.45yu 

Difference       =  0. 73yU 

While  the  results  of  the  new  comparisons  differ  but  slightly  from 
the  old,  and  are  moreover  not  conclusive,  they  nevertheless  introduce 
an  uncertainty  as  to  the  lengths  of  Nos.  27  and  21  and  make  it  desirable 
to  recompare  No.  27  directly  with  the  international  and  other  national 
prototypes.  Until  this  has  been  done  by  the  International  Bureau 
the  old  value  of  No.  27  will  be  used. 

It  is  probable  that  part  of  the  differences  observed  are  due  to  slight 
errors  in  the  coefficients  of  expansion  of  No.  27  and  No.  21,  and  in 
order  to  test  this,  and  also  to  fix  definitely  for  this  period  the  relative 
values  of  these  bars,  further  comparisons  w411  be  undertaken  at  once. 

In  conclusion,  the  writer  wishes  to  express  his  obligations  to  Dr. 
Benoit,  director,  and  Dr.  Guillaume,  assistant  director,  respectively, 
of  the  International  Bureau  of  Weights  and  Measures,  for  placing  at 
his  disposal  all  the  required  apparatus  of  the  Bureau  and  for  many 
valuable  suggestions;  to  M.  Maudet,  who  shared  equally  in  the  work 
at  the  International  Bureau,  and  who  made  most  of  the  reductions; 
and  also  to  Mr.  L.  G.  Hoxton,  of  the  Bureau  of  Standards,  who 
assisted  in  the  first  series  of  observations  made  at  Washington  prior 
to  the  comparison  at  Paris. 
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